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Introduction
Matrix metalloproteinases (MMPs) are involved in connective tissue remodeling processes associated with chronic liver disease and complications after orthotopic liver transplantation (OLT). Genetic variations in the promoter region of the MMP-2 and MMP-9 genes are thought to contribute not only to their transcription rate but may also have predisposing clinical impact.
Methods
MMP-2 and MMP-9 gene promoter polymorphisms were analyzed in 109 patients who underwent an OLT. The relationship between these MMP polymorphisms in the donor and recipient DNA with the development of ischemia/reperfusion (I/R) injury and rejection after OLT was evaluated. In addition, serum MMP-2 and MMP-9 levels were determined to illustrate potential phenotypical consequences in these patients.
Results
The MMP-2 and -9 genotypes of the donor and recipient or a donor/ recipient mismatch and chimerism were not associated with the development of late phase I/R injury or rejection in the OLT patients, although serological differences in the MMP levels did occur. The MMP-2 and -9 genotype distribution did also not have a major impact on the respective serum levels in patients that underwent an OLT.
Introduction
Matrix metalloproteinases (MMPs) comprise a large family of proteolytic enzymes that are important in physiological and disease-related extracellular matrix remodeling. The gelatinases MMP-2 and MMP-9 are capable of digesting components of the connective tissue matrix and type IV collagen within basement membranes. These MMPs are considered to play an important role in cancer development, vascular remodeling, fibrosis and inflammation 1, 2 . In recent years it has become evident that also in the liver MMPs are involved in diverse (patho)physiological processes, like fibrosis, hepatocellular carcinoma development and liver transplantation 3 . MMP activity is transcriptionally regulated by various factors and controlled by tightly regulated activation of latent pro-enzymes and by interaction with endogenous inhibitors such as tissue inhibitors of metalloproteinases (TIMPs). Recently, several single nucleotide polymorphisms (SNP) in the gene promoter regions of MMPs have been found with a functional impact on the transcription rate. The C/T transition at position -1306 in the promoter of MMP-2, which abolishes the Sp 1 binding site, and the G/A transition at position -1575, which is located next to an estrogen receptor binding site, leads to decreased mRNA transcription 4, 5 . In several studies an association was demonstrated between MMP-2 polymorphisms and the development of cancer 6, 7 . In the MMP-9 gene a SNP at position -1562 is due to a C to T substitution in the promoter region 8 . In vitro studies have shown that this transition results in loss of binding of a nuclear repression protein in this region and an increase in transcriptional activity in macrophages. This functional effect on transcription was associated with the severity of coronary atherosclerosis 8 . In accordance with the increased activity of the -1562 T allele this allele was found to be associated with elevated MMP-9 plasma levels in patients with cardiovascular disease 9 . In the liver, the hepatic stellate cell is suggested to be the main cellular source of MMP-2. Liver fibrosis is a dynamic process in which activated stellate cells are involved in the synthesis of matrix proteins and in the regulation of matrix degradation. Increased mRNA expression of MMP-2 was reported in liver biopsy samples of patients with cirrhosis 10 . In addition, serum levels of MMP-2 are found to be increased in patients with chronic liver disease and to correlate with the severity of the liver function impairment 11 . MMP-9 is released predominantly from neutrophils and macrophages, but the principal source in the liver is thought to be the Kupffer cell, the resident macrophage of the liver 12 . MMP-2 and MMP-9 are presumed to play a critical role in cold storage injury during preservation and in the subsequent reperfusion injury of liver grafts 13 . The extracellular matrix may also be an important target in the process of acute rejection after orthotopic liver transplantation (OLT). In a previous study we demonstrated elevated serum levels of MMP-9 at 1 week after OLT in patients with acute allograft rejection 14 .
The aim of the present study was to establish the relationship between MMP-2 and MMP-9 gene promoter polymorphisms in the donor and recipient DNA and the respective MMP serum levels with the development of late phase ischemia/reperfusion (I/R) injury of rejection after OLT.
Patients And Methods
Study Design
Our study group consisted of 109 patients who underwent an OLT. All blood and tissue samples from these patients were collected prospectively and retrospectively analysed. Longitudinal MMP serum levels were measured in a representative subset of 27 patients. MMP genotype distribution in this subset was similar to the study group of 109 patients. Serum samples for MMP measurement were collected at 7 time points: before transplantation (I) and at 2 days (II), 1 week (III), 1 month (IV), 3 months (V), 6 months (VI) and 1 year (VII) after OLT. Serum samples were stored at -70 °C until use. MMP-2 and MMP-9 concentrations were determined using highly specific enzymelinked immunosorbent assays, which measure the pro-enzyme, activeand inhibitor complexed forms, as described previously 15, 16 .
Ischemia and Reperfusion Injury
The degree of late phase hepatocellular injury was evaluated by measurement of aspartate aminotransferase (AST) during the first week after OLT. Patients were classified into 2 groups depending on whether the serum AST peak was lower than 1,500 IU/L (no or mild I/R injury) or higher than 1,500 IU/L (more severe I/R injury), respectively 17, 18 .
Rejection
Liver biopsies were taken according to our protocol at approximately 1 week after OLT or when there was a suspicion of rejection. Acute allograft rejection was graded according to the Banff scheme and the histopathological severity was evaluated by three specific features (portal inflammation, bile duct inflammation/damage, venous endothelial inflammation) 19 . In this study patients were divided into 2 groups according to the presence or absence of acute allograft rejection at approximately 1 week. The rejection had to be clinically relevant, i.e. histologically confirmed and treated with additional immunosuppression.
Determination of SNPs of the MMPs
Genomic DNA was extracted by routine methods from peripheral blood leukocytes. In addition, DNA samples from the blood of the liver donor were obtained from the Eurotransplant Reference Laboratory and DNA was isolated from liver biopsy tissue of the allograft in the recipients obtainedmseveral months (median 17, range 5 to 48) after OLT. The -1306 C/T MMP-2 gene promoter polymorphism was determined by tetra-primer amplification refractory mutation system-polymerase chain reaction (PCR) analysis, the principles of which are described elsewhere 20, 21 , and confirmed by direct sequence analysis of 4 patients. Briefly, the region flanking the SNP was amplified with outer primers 5'-ACCAGACAAGCCTGAACTTGTCTGA-3' and 5'-TGTGACAACCGTCTCTGAGGAATG-3' together with inner allelic specific primers 5'-ATATTCCCCACCCAGCACGCT-3' and 5'-GCTGAGACCTGAAGAGCTAAAGAGTTG-3'. Genotypes CC, CT and TT (542+379; 542+379+ 211; 542+211 bp, respectively) are easily identified from the migration pattern on agarose gels. The other gene promoter polymorphisms were determined as described previously 20, 22 . In brief: transition polymorphism G/A at -1575 of the MMP-2 promoter gene was determined by PCR amplification using outer primers also used for the -1306 polymorphism followed by restriction enzyme fragment length (RFLP) analysis with BspH I to produce 542, 542+458+83 or 458+83 bp fragments indicating the GG, GA and AA genotype, respectively. The SNP C/T at position -1562 of the MMP-9 gene promoter was determined by PCR-RFLP. The SNP flanking region was amplified using primers 5'-ATGGCTCATGCCCGTAATC-3' and 5'-TCACCTTCTTCAAAGCCCTATT-3' followed by restriction analysis with Sph I to produce 352, 352+207+145 or 207+145 bp fragments in case of CC, CT and TT genotype, respectively.
Statistical Analysis
Genotype frequencies were analyzed by generating two-by-two contingency tables and statistical analysis was performed using the Chi-square test or Fischer's Exact test, when appropriate, using SPSS software (SPSS Inc; Chicago, IL, USA). Differences in MMP levels according to the genotype and disease complications were assessed by the Mann-Whitney U or the Wilcoxon signed ranks test for nonparametric data 14, 23 . MMP levels are expressed as mean ± S.E.M. Differences were considered to be significant at P-values of < _0.05.
Results
Patients
Our study group consisted of 109 patients (70 male) who underwent an OLT. The median age was 47 years (range 16 to 67). 30 patients had chronic viral hepatitis, 26 patients had cholestatic liver disease, 21 patients had alcohol-related liver disease, and a miscellaneous group (n=32) was included, consisting of 7 patients with autoimmune hepatitis, 9 with cryptogenic liver cirrhosis, 4 with neoplastic disorders, 2 with azathioprine induced liver cirrhosis, 2 with polycystic liver disease, 1 with acute fatty liver of pregnancy, 4 with Budd Chiari Syndrome, two patients with Wilson's disease and one patient with alpha-1 antitrypsin deficiency.
The Role of MMP Polymorphisms in Liver Transplantation
The frequencies of the donor and recipient MMP-2 and MMP-9 genotypes in relation to the development of IR-injury and rejection after OLT are shown in Table 1 . Because the gene polymorphisms at the -1306 and the -1575 position of the MMP-2 promoter were found to be in complete linkage disequilibrium only the data at the -1306 position are given. Late phase I/R injury was graded "more severe" in 33 of 109 patients after OLT, and rejection had occurred in 20 patients. The genotype frequencies for MMP-9 determined in the donor and recipient DNA of patients with or without late phase I/R injury, and with or without rejection, however, were not significantly different (Table 1A) . Also, the MMP-2 genotype frequency of the donor and recipient were not significantly different according to the development of I/R injury or rejection, although the donors were found the have a significantly different genotype frequency distribution from the recipients (Table 1B) . Therefore, we assessed the clinical impact of such a mismatch in allelic composition at the MMP-2 and MMP-9 SNP loci between the donor and recipient. However, no statistically significant differences between the presence or absence of a mismatch at -1306 C/T MMP-2 or -1562 C/T MMP-9 were found in relation to the development of I/R injury and to rejection after liver transplantation (Table 2 ). Obviously, due to the donor-recipient differences, the frequency of a mismatch in MMP-2 was significantly higher than in MMP-9 (57.8% versus 33.9%, Table 2 ). Serum levels of MMP-2 are increased in patients with chronic liver disease and therefore a drop of MMP-2 levels was expected after OLT 11 . This decrease indeed was seen, as shown in Fig. (1) , but occurred independent of the genotype. Serum levels of MMP-9 peak at 1 week after OLT, which is associated with acute allograft rejection, as previously reported 14 . Irrespective of a genotype mismatch between the donor and the recipient, we found a comparable serum MMP-9 peak and pattern over time (Fig. 1) . In some patients with a mismatch evidence of chimerism was demonstrated in the DNA samples from the liver biopsy tissue of the allograft. The chimerism was identified by the presence of an MMP SNP signal from the recipient in addition to the strong signal of the donor in the DNA from the allograft liver biopsy (Fig. 2) . These chimerisms were demonstrated in 37.5% of patients with a MMP-9mismatch and in 62.5% of patients with a MMP-2 mismatch, but were of no additional clinical significance.
Table 1. The Development of IR-Injury and Rejection after OLT Stratified According to Gene Promoter Polymorphisms at MMP-9 (A) and MMP-2 (B) SNP loci in Donor and
Discussion
Our study shows that the -1306 C/T MMP-2 and the -1562 C/T MMP-9 gene promoter polymorphisms, determined in the donor and the recipient, are not associated with rejection or late phase I/R injury after OLT. Moreover, the consistent changes in the serum MMP-2 and MMP-9 levels after OLT evolve independent of the genotypes and donorrecipient mismatches. 
Fig. 2. MMP genotype chimerism, indicated by genotypes between brackets, in OLT allografts based on the SNP analysis of the MMP-2 -1306 C/T locus and the MMP-9 -1562 C/T locus of sets of DNA from the transplanted liver (Li) and blood leukocytes of the recipient (R) and from blood leukocytes of the donor (D).
Fig. 1.
MMP-2 en MMP-9 serum concentrations before transplantation (I) and at 2 days (II), 1 week (III), 1 month (IV), 3 months (V), 6 months (VI) and 1 year (VII) after OLT. Data are expressed as mean ± SEM.
Polymorphisms in the promoter region of a number of MMP genes have been shown to influence MMP gene expression and/or were found to be associated with susceptibility of disease like coronary atherosclerosis, aneurysms, and cancer 24 . For example, a functional SNP in the promoter of the MMP-2 gene (-1306 C/T) leads to a diminished promoter activity and is principally studied in cancer [5] . In case-control studies from China it was demonstrated that the -1306 CC MMP-2 genotype may constitute a common susceptibility factor for cancer of the breast, lung, and stomach, whereas in hepatocellular carcinoma it was not 6, 7, 25, 26 . Liver fibrosis is a highly dynamic process in which multiple genes may interact with environmental factors. Polymorphisms in genes encoding immunoregulatory proteins, proinflammatory cytokines, and fibrinogenic factors may influence disease progression 27 . MMPs play an important role in remodeling of the hepatic extracellular matrix and increased expression of MMP-2 was found in human liver fibrosis 10, 28 . However, studies on MMP-2 promoter polymorphisms have never been reported in patients with chronic liver disease. In the present study the serum MMP-2 levels in patients with diverse chronic liver disease were increased pre-OLT and decreased significantly over time after OLT but unrelated to the -1306 C/T MMP-2 genotype and donorrecipient mismatch. Apparently, MMP-2 expression changes in liver disease processes and may even be indicative for disease progression, as reported for hepatic fibrosis 29 and recurrence of hepatocellular carcinoma 30 , but this may occur unrelated to the genotypic constitution. Other studies similarly demonstrated that disease related changes in the hepatic mRNA MMP-3 expression was determined by the MMP-3 (-1171 5A/6A) promoter polymorphism, while the genotype distribution was not significantly different between controls, patients with chronic hepatitis, and patients with cirrhosis 31, 32 . The expression of MMP-9 is regulated primarily at the transcription level in response to different regulators such as interleukin-1, tumor necrosis factor-alpha, and epidermal growth factor 2 . The functionally most important SNP at position -1562 in the MMP-9 gene leads to increased transcriptional activity in individuals with the T allele and is associated with severity of coronary atherosclerosis 8 . In another study, the T allele of the -1562 C/T polymorphism was associated with elevated MMP-9 serum levels, but no association with cardiovascular mortality was found 9 . Studies on functional polymorphisms of MMP-9 in patients with pulmonary emphysema 33 , abdominal aneurysm 34 , endstage renal disease 35 , multiple sclerosis 36 , and intracranial aneurysms revealed contradictory results 37, 38 , In liver disease it has become obvious that MMP-9 may have a very important impact, as illustrated by the predictive value for recurrence of hepatocellular carcinoma after liver transplantation 30 , the protection against hepatic I/R injury in MMP-9 deficient/neutralized mice 39, 40 and a contribution to the progression of chronic liver disease 41 . We found a peak in serum MMP-9 levels at 1 week after OLT in patients with rejection. The MMP-9 is most likely derived from infiltrating neutrophils in the portal triad of the liver or from Kuppfer cells activated by cytokines from the infiltrating cells 14 . However, the serological changes in MMP-9 were found to be unrelated to the -1562 C/T MMP-9 gene promoter polymorphism of the patients, donors and the presence of mismatch. In previous studies we demonstrated that MMP-9, but not MMP-2, could play an important role in immediate I/R injury 23 and in acute allograft rejection after liver transplantation 14 . In the present study we assessed the impact of the donor MMP genotypes on the outcome and complications after liver transplantation but no associations were found. We did observe significant differences in the MMP-2 genotype distribution between donors and recipients but not in relation to clinical complications as I/R and rejection after OLT. Also the presence of a mismatch in the MMP genotype between the donor and the recipient and the evidence of chimerism in the liver biopsy tissue of the allograft were found not to contribute to the clinical complications after transplantation. The development of the chimerism we observed might in part be explained by the presence of lymphocytes and Kupffer cells of recipient origin, but recently it was demonstrated that recipientderived cells can also replace biliary epithelium, endothelium, and even hepatocytes in liver transplants 42 . In conclusion, this study indicates that MMP-2 and MMP-9 gene promoter polymorphisms are not associated with late phase I/R injury or rejection after liver transplantation. Furthermore, functionally and clinically relevant changes in the serum levels of MMP-2 and MMP-9 in patients who underwent OLT develop independent of the MMP promoter genotype. Although MMPs are involved in both the progression and resolution of disease processes in the liver 43 , the exact contribution of the MMP genes still has to be elucidated.
